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Abstract 
The present study aims to investigate the fresh and hardening properties of a soil-based controlled low-strength material 
(CLSM) containing stainless steel slag as a cementitious material. This type of CLSM primarily uses in construction as a 
trench-fill material. Four levels of the cement substitution (i.e. 0%, 10%, 20%, and 30%) and three amounts of binder 
content (80-, 100-, and 130 kg/m3) were generated for the experimental work. Fresh and hardening properties of the 
recommended CLSM were examined in the laboratory. The results show that the proposed CLSM could be employed for 
eco- friendly trench fills. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CUTE 2016. 
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1. Introduction 
The construction of infrastructures or pipeline projects usually generates a huge amount of unused soil 
needing to be removed, while a considerable quantity of natural materials (e.g. river sand, granular soil), is 
likely transported to jobsite for backfills. Nowadays, controlled low- strength material (CLSM), commonly 
used as granulated compacting soil, subgrades or trench fills, would be a eco-friendly material because it 
effectively consumes a massive quantity of waste materials such as combustion fly ash, foundry sand, rubber 
tires, and other industrial by-products. CLSM typically consists of small amount Portland cement, 
supplementary, fine aggregates, and a large amount of mixing water. Self-compacting/ -leveling, low strength, 
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as well as almost no measured settlement after hardening are remarkable characteristics of CLSM. By 
definition, CLSM has a compressive strength of 8.3 MPa or less and slightly higher than that of compacted soil 
[1]. Moreover, recent studies have reported that maximum CLSM strength of approximately up to 1.4 MPa is 
suitable for most of backfilling applications that re-excavation with simple tools in future is desired [2, 3]. 
Literature has documented that on-site residual soil after pipeline excavation could be an alternative source for 
fine constituent in production of soil-based CLSM, which is effectively used as backfill material around buried 
pipelines [4, 5].  
On the other hand, stainless steel reducing slag (SSRS) discharges from reducing condition of basic refining 
process, called as secondary steel making operation. It usually contains several toxic ingredients such as 
chromium, lead, nickel, cadmium, which would be harmful for not only environment, but also human health. 
Chemically, stainless steel slag is mainly a compound of several metal oxides (e.g., CaO, SiO2, and Al2O3), 
which is similar to GGBFS. Recent studies have been concluded that steelmaking slag generally exhibited both 
cementitious and pozzolanic characteristics when it was ground into very fine particles [6, 7]. 
In this paper, residual soil generated from a specific construction site and SSRS were employed to develop a 
CLSM primarily used as backfill. For the proposed CLSM, the effect of SSRS amount replacing Portland 
cement on the characteristics of CLSM is investigated. This cementitious material would achieve both benefits 
of ecological and low-cost solution. In the testing program, several major engineering properties of the 
proposed CLSM were examined. The findings from the study are expected to provide a corrected usage of 
excavated soil and hazardous by-product as recycled sources for making green construction materials. 
2. Experimental program 
Materials for the CLSM mixture consist of fine aggregate, cement, SSRS, and mixing water: 
x Cement:  Ordinary Portland cement (OPC) Type I with the specific gravity of 3.15 and 
specific surface area of 3851 cm2/g.  
x SSRS:  The properties of the SSRS and OPC are shown in Table 1.  
x Soil:  Taken from local jobsite and classified as poorly graded sand with silt (SPSM).  
x River sand:  Fine modulus of 2.51.  
Table 1. Chemical and physical properties of OPC and SSRS 
Analysis results OPC Type I SSRS 
Chemical constituents (%) 
- Silicon dioxide, SiO2 
- Aluminum oxide, Al2O3 
- Ferric oxide, FeO/Fe2O3 
- Calcium oxide, CaO 
- Magnesium oxide, MgO 
- Sulfur trioxide, SO3 
Physical properties 
- Loss of ignition, L.O.I (%) 
 
20.87 
4.56 
3.44 
63.14 
2.82 
2.06 
 
2.30 
 
22.97 
4.00 
0.08 
51.26 
8.1 
0.09 
 
- 
- Fineness (cm2/g) 
- Specific gravity 
3851 
3.15 
4551 
2.84 
 
Three mix groups (12 mixtures) containing 80-, 100-, and 130 kg/m3 binder were provided for mix design, 
namely as B80, B100, and B130, respectively. Fine aggregate for CLSM was formed by well blending between 
river sand and residual soil with a given proportion (e.g., 6:4, by volume). Fig. 1 shows the grading curves of 
the collected sand, soil and combination. In each group, four percentages of SSRS substitute for OPC such as 
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0% (control), 10%, 20%, and 30%, by weight (see Table 2). Water-binder ratio for each group was selected via 
few trial mixes until the target values of flowability were achieved (200 r50 mm). 
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Fig. 1. Particle-size distribution of the collected sand, soil and combination. 
Testing items: 
x Flowability test (ASTM D6103) and setting time test (ASTM C403);  
x Unconfined compressive strength (UCS), (ASTM D4832). This test was monitored on groups of three 
100 × 200-mm cylinders and the averaged values were obtained at 28 days;  
x Stressstrain behavior and modulus of elasticity of the proposed CLSM were examined.  
 An axial load from a low-capacity hydraulic machine (100 kN) was uniformly 
applied to the capping specimens until failure at a constant displacement rate of 0.51 
mm/min. The strain after each loading increment was measured by reading on two 
dial gages, graduated in 0.01 mm.  
x Direct shearing test (ASTM D3080). 
Table 2. A summary of CLSM mix proportion 
Mix proportion Value 
Mix group ID. B80 B100 B130 
Binder (kg/m3) 80 100 130 
% SSRS substitution 0; 10; 20; 30 
Water-binder ratio 4.8 3.4 2.8 
Water-aggregate ratio 0.25 0.21 0.25 
Sand-soil ratio 6:4 
3. Results and discussions 
3.1 Flowability and setting time 
The flowability testing results for all mixtures were expressed in Fig. 2. It was visually observed that all 
mixtures had no significant segregation or bleeding. The slump values were within the desired range of 
flowability for CLSM (200 r50 mm). Moreover, it was revealed that an increase in percentage of SSRS 
replacement was apparently accompanied with a gradual improvement of tube slump.  
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Fig. 2. Result of tube slump for the CLSM mixtures. 
The setting time was measured from 13.524.8 h, 13.316.5 h, and 5.612.8 h for 80-, 100-, and 130 kg/m3 
binder mixtures, respectively (Fig. 3). A CLSM with setting time of 24 h or less are generally acceptable for 
wide applications. Obviously, setting time was significantly shortened with higher binder content. On the 
contrary, mixture with more SSRS substituting for OPC caused a prolonged time of setting. The lacking of 
OPC content and slow hydration rate of SSRS probably caused the mentioned behavior. 
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Fig. 3. Result of setting time for the CLSM mixtures. 
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Fig. 4. The 28-day compressive strength of the CLSM specimens. 
3.3 Compressive strength 
Unconfined compressive strength test results at 28 days were presented in Fig. 4. It was found that 
specimens with the binder dosage of 80-, 100- and 130 kg/m3 have the compressive strength in range of 
0.30.47 MPa, 0.590.81 MPa, and 1.041.63 MPa after 28 days, respectively. These ranges fully match the 
minimum required strength for supporting upper structures and maximum strength for future excavation, from 
0.3 to 1.4 MPa [1, 2]. In addition, the compressive strength of samples prepared with SSRS replacement for 
OPC performed a considerable decline in comparison with the controls. Both slow hydration characteristic of 
SSRS together with low OPC content were probably responsible for above strength reduction. 
3.4 Stress-strain response and elastic modulus 
Stress-strain response and elastic modulus were investigated on the mix group B80 and B130. It can be 
observed that for longer ages the higher compressive strength was obtained along with a drastic change in 
shape of stress-strain curves, as typically drawn in Fig. 5. The one-day sample can be sustained a strain of 
about 1.5% before failure occurred. However, at 28 days, the peak stress was reached at strain of 0.45%, being 
approximate to concrete (0.35%). This finding indicates that at early ages, CLSM seems to be a soil with more 
ductile behavior, but with long-term ages this material acts more like concrete, with higher compressive 
strength and a brittle characteristic. A report of Du et al. [8], who studied on CLSM made from foundry sand 
and bottom ash have provided an consistent result.  
Modulus of elasticity (E) was calculated as a secant line, drawn from the origin to a point on the stress-strain 
curve at 40% peak stress. Each mixture, E-modulus was evaluated on the three 100×200-mm cylinders at 28 
days, and subsequently the averages were obtained and plotted in Fig. 6. E-modulus was ranged from 0.470.27 
GPa and 1.280.87 GPa for samples made with 80- and 130 kg/m3 binder. The E-value has a reduction as 
higher percentage of cement replacing by SSRS. The 30% SSRS mixtures caused a drastic drop in E-modulus 
of approximately 3241%. It was found that modulus of elasticity increases as the strength increases that is 
similar to normal concrete. 
Limitation of CLSM 
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Fig. 5. Stress-strain curves for the Mix 1 (0% SSRS and 80 kg/m3 binder) at one and seven-day ages. 
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Fig. 6. Result of elastic modulus measured at 28 days. 
3.5 Friction angle (I) and cohesive force (c) 
In this work, the direct simple shearing test with control of strain-rate was employed for B80 and B130 mix 
groups. This test was carried out on CLSM samples of 75 mm diameter and 25 mm height at 1-, 7-, and 28 days. 
The strain rate was set up at 0.3 mm/min. The values of shearing load and horizontal displacement were 
periodically recorded under given normal stress of 20-, 40-, and 80 kPa [9]. Results of friction angle and 
cohesive force for B80 mixtures were plotted in Fig 7. For B130 mixtures, the 7- and 28-day shearing 
parameters could not be determined due to beyond the testing equipment’s capacity, which is originally 
designed for soil material only.  
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Fig. 7. The friction angle versus SSRS replacement ratio (B80 mixtures). 
The obtained results indicate that when SSRS content varied from 0% to 30% (B80 mixtures), the friction 
angle was approximately in ranges of 320540, 460520, and 560600 measuring at curing ages of 1-, 7-, and 28 
days, respectively. After one day elapsed, the angle of internal friction could be comparable to that of dense dry 
sand, often lied in the range of 40450 [10], and considerably grew after seven-day age. Although the measured 
cohesive force was improved together with a longer curing ages, it still was quite small (almost less than 100 
kPa even at 28 days). Consequently, it can be said that internal friction force predominantly controlled strength 
behavior of the solidified CLSM, being similar to that of granulated soil. Most of specimens exhibited a 
tendency of higher friction angle with longer curing period as a result of cemented hydration. Furthermore, the 
higher cementation dosage led to increase friction angle (Table 3). The one-day B130 specimens had the 
friction angle of 580590, significantly higher than those of B80 mixtures (320540). 
Furthermore, it was observed that with higher amount of slag replacement for OPC, the friction angle 
measured at one day had a gradual decrease (from 53.90 to 31.80) for mixture containing 80 kg/m3 binder. 
Meanwhile, at 7- and 28 days, the friction angle became stable when the slag ratio varied from 0% to 30%. 
Slow hydration rate of SSRS and lack of cement content seem to cause the mentioned results. Therefore, it is 
also reasonable for B130 mixtures that the friction angle was nearly unchanged (approximate 580), regardless of 
SSRS replacement ratio.  
Finally, Fig 7 shows the cohesive force evaluated at 1-, 7-, and 28 days for the B80-specimens. At one-day 
age, due to high moisture and short time of cemented hydration, the material exhibited a very small cohesion 
(less than 22.4 kPa). The one-day cohesive force had hardly any effect with a change in supplementary 
substitution. Subsequently, the cohesion would develop together with hydration of cementation, contributing to 
shearing strength improvement. At 7- and 28 days, it was revealed that the larger amount of slag replacement, 
the higher cohesion drop. This tendency is observed to be consistent with that of unconfined compressive 
strength, resulted from SSRS being not as good as OPC in contributing to strength.   
4. Concluding remarks  
x Flowability of the proposed CLSM was enhanced as the percentage of SSRS substituting for OPC 
increased. The setting time of the CLSM mixtures made with SSRS as a part of binder would be noticeable 
267 Duc-Hien Le and Khanh-Hung Nguyen /  Procedia Engineering  142 ( 2016 )  260 – 267 
extended. 
x Mixture with up to 30% SSRS substituting for OPC could be acceptable to make excavatable CLSM.  
x Higher SSRS replacement is likely to reduce compressive strength and elastic modulus. 
x The CLSM mixture at one day age behaved as a soil-like material and gradually acted as a concrete-like 
material after 7 days due to hydration of binder. The friction force of the CLSM could be comparable to 
that of densely sandy soil and predominantly controlled strength behaviour of the solidified CLSM. 
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